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Objective

« The objective of this presentation is to provide status on the manufacture of the JG-
PP/JCAA Joint Test Protocol assemblies and point to future activities.




Background

« Because of the drive in Asia and Europe for “green” electronic products, continued
use of tin-lead solder presents business risks, including:

— concerns about potential environmental legislation banning lead-containing
products

— risk of trade barriers and lost sales
— reduced mission readiness
— component obsolescence with lead surface finishes

 The Joint Group on Pollution Prevention began the Lead-Free Solder project in 2001
to have a better understanding of how some promising lead-free solder alloys
perform when subjected to typical aerospace environmental conditions.

« JCAA joined JG-PP in May 1, 2003 because they saw the value of the lead-free
solder project with regard to the numerous logistical and repair issues.

« Members of the combined team represent military services, NASA (National
Aeronautics and Space Administration), various defense, space and commercial
contractors, and component and solder suppliers.




Background Continued

 To date, the project participants have:

— ldentified the performance requirements

— ldentified tests for lead-free solders

— ldentified the lead-free solder alternatives that would be tested

— Completed design of the test circuit card

— Assembled the 205 board test set and 92 SIR and EMR test boards

e Test set includes similar baseline tin-lead soldered boards.

 The materials were chosen based on initial environmental, safety, and occupational
health screening data, as well as previous experience in Japan, Europe and other
consortium using lead-free solders.




Background Continued

 The lead-free solder alloys agreed by the project stakeholders to be tested are as
follows:

— Tin-copper (stabilized) (99.35Sn-0.7Cu-0.05Ni) - wave and hand soldering
— Tin-silver-copper (95.55n-3.9Ag-0.6Cu) - wave, reflow and hand soldering
— Tin-silver-copper-bismuth (92.35Sn-3.4Ag-1.0Cu-3.3Bi) - reflow and hand soldering

 Rockwell Collins designed the test assembly and procured all components.

« BAE SYSTEMS - Irving, formerly Boeing Commercial Electronics — Irving, agreed to
assemble the test boards as our part in the consortium activities. Our facility and
product were considered typical of factories producing a highly reliable product with
enough volume to simulate a higher capacity production run.

» The project will generate critical reliability data on circuit cards manufactured and
reworked with lead-free and eutectic tin-lead solders for military and space
applications as documented in the Joint Test Protocol.
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Assembly Details



Test Vehicle- Printed Wiring Assembly

PWB
e 14.5"X 9"X 0.09”
6 layers

 Immersion Silver (Tg~170°C, GF- Pb-free PWAs)
 SnPb HASL (Tg~140°C, GF- rRework PWAs )
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« Surface mount and through hole components
« Total Quantity: 205 (119/86)

Lead-Free Solder Alloys

« Sn3.9Ag0.6Cu (SnAgCu)

« Sn3.4Ag1.0Cu3.3Bi (SnAgCuBi)
« Sn0.7Cu (SnCu)
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Materials
Material Wave Soldering Reflow Soldering Hand Soldering
Sn0.7Cu X N/A Flux Cored Solder
(stabilized) RMA (NoClean)
VOC Free X
Flux N/A Heat Stabilized Resin
No Clean Flux
Sn3.9Ag0.6Cu Sn3.5Ag.7Cu X FlpsCotEe Sl e
RMA
VOC Free 5
Flux ROL1 Heat Stabilized Resin

No Clean Flux

Sn3.4Ag1Cu3.3Bi N/A Sn3.35Ag1Cu3.3Bi 0.010 Dia. Wire
R
Flux N/A No Clean (RMA) Heat Stabilized Resin
Sn37Pb

Flux




Components
Component Type Component Finish
SnPb
CLCC-20 SnAgCU
SnAgCuBi
PLCC-20 Sn
TSOP-50 SnPb
SnCu
TQFP-144 Sn
TQFP-208 NiPdAu
BGA-225 SnPb
SnAgCu
DIP-20 =1
NiPdAu
0402Cap Sn
0805Cap Sn
1206Cap Sn
1206Res Sn
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LEAD-FREE TEST VEHICLE ASSEMBLY FLOW
3%

Stencil Print
Solder Paste
D906-00004
LABEL TEST 288 DEK Screen Printer &Prggerﬁ(r:rill CLEAN
VEHICLES SMD TOP SIDE v | required D906-00018
- - SN3.9A¢0.6CU _ %“’ P> Corpane Semi-Aqueous %
polyimide label/ Sn3.4Ag1.0Cu3.3Bi ol P| Cleaner X-Ray &
engrave Sn37Pb (Kester R244NC) ace oo oy
Components
D906-00004
Fuji SMD AutoPlacer CPIV 3
Fuji SMD AutoPlacer IPHI | program
' Lrequired
Solder Reflow
D906-00006
ABW Systems TSC-1210
Forced Convection Reflow | Profile
Oven Required
profile CLEAN
COMP. PREP FLOW SOLDE required 90600018 HAND SOLDER
: D906-00007 >
i- lﬁ X-R S
and hand insert > Corpane Semi-Aqueats PLCCs Evaltore
PDIP-20 Alpha NR310 no-clean flux lonox 13330 D906-00012
(Sn0.7Cu)
(Sn3.9Ag0.6
Vitronics

Soltec Delta
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Assembly Notes

 All PLCCs were hand soldered with either SnPb, SnAgCu, or SnAgCuBi solder.

 Lead-Free wave solder with SnCu and SnAgCu was performed at Vitronics-Soltec in
New Hampshire.

« After wave solder at Vitronics, the assemblies were cleaned at Kyzen in New
Hampshire.




Traveler

JG-PP/JCAATIEST

Rework- SnAgCu Test Vehicles (150-177)

SN: __ /57 Replbwe 167 Date:
Reflow Alloy: SnPb Charge #:
Wave Solder Alloy: SnPb Rework Solder: SnAgCu

Flux Removed By: *EZrEn Sn)%cLH

[

=]
Rework Component Defect Flux Used X-Ray Date/Initial
Location Finish
U3 AuPdNi PR L e
us7 AuPdNi PO L “*"'TE'"'
U4 SnAgCu R ehizfwy p 1§
ul8 SnAgCu Cielss ¢ 2/)¥
uUl2 SnCu LAY, 24P 4180k N
U25 SnCu | =eeeeeeemee—e Yy T P .m.w-tlmf-f\-’
U23+* AuPdNi  |o"Se€rwie | Swlal Yoz, x¢ Ty
U59** AuPdNi SaCuwire %’L 0 Dy of o PO g™
has ek o Snfb Seaderie) Piew KA
U 3T S puan P77
w28 usk P
I“’I!l ( ampuzino 'j(lllll‘l!l'il!i : f:‘L' \l\ Lf"'L
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Rework



REWORK LEAD-FREE TEST VEHICLE ASSEMBLY FLOW

LABEL TEST

VEHICLES —

polyimide label/ engrave

Stencil Print Solder
Paste

D906-00004 Program

288 DEK Screen Printer| & Stencil
Sn37Pb (Kester R244NC) required

Place Components
D906-00004
Fuji SMD AutoPlacer CPIV 3

Fuji SMD AutoPlacer IPI1I
Program

Y \ required

Solder Reflow

D906-00006
ABW Systems TSC-1210
Forced Convection Reflow Profile

Oven Required

CLEAN
D906-00018

Corpane Semi-Aqueous
Cleaner
lonox 13330

%
X-Ray &
Evaluate

COMP. PREP
and hand insert
D906-00002 e
D906-00003
PDIP-20

FLOW SOLDER

D906-00007 -

Soltec DeltaMax 6723CC
Alpha NR310 no-clean flux

profile
required

CLEAN
D906-00018

Corpane Semi-Aqueous
Cleaner
lonox 13330

HAND SOLDER

PLCCS
D906-00012

Remove & Replace

BGA, TQFP, TSOP-50,

PDip
D906-00016
AirVac DRS24C

(4) Sn37PDb

X-Ray &
Evaluate

(1)Sn3.9Ag0.6Cu
(2)Sn3.4Ag1.0Cu
3.3Bi
(3)Sn0.7Cu
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Rework Assemblies

» Selected pairs of the following component types were removed and replaced:
— BGA, TQFP-208, TSOP-50, DIP
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Rework Control Boards (SnPb solder initially; reworked with SnPb

solder)
ocaton | parumver | Q7| Voo | Fepcemen
Rework
U2> | Tsop-50 1 SnPb SnPb
U12 TSOP-50 1 SnPb SnPb
US7 1 TQFP-208 ! NiPdAU NiPdAU
U3 TQFP-208 L NiPdAu NiPdAU
Uu1s BGA-225 1 SnPb SnPb
4 BGA-225 1 SnPb SnPb
U9 | bip-20 ! NiPdAU NiPdAU
Uz3 | pip-20 ! NiPdAU NiPdAU
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Rework Boards (SnPb solder initially; reworked with SnAgCu or
SnAgCuBi solder)

Part Finish
: Part Number Qty Per Before Replacgment
Location Board Part Finish
Rework
U25 TSOP-50 1 SnPb SnCu
ui2 TSOP-50 1 SnPb SnCu
Us7 TQFP-208 1 NiPdAu NiPdAu
U3 TQFP-208 1 NiPdAu NiPdAu
uls BGA-225 1 SnPb SnAgCu
U4 BGA-225 1 SnPb SnAgCu
Us9 DIP-20 1 NiPdAU NiPdAu
u23 DIP-20 1 NiPdAu NiPdAu
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Tin Lead Solder (SnPb)



Wave Solder SnPb Profile (Rework & Manufactured-Control)

L b it e

302
M.O.L.EE.® STATUS
Max Internal T: 29C
Baltery: 4.393
Points: 260
Active: 12X
Interval: 00:00:01.0
Dale: 03/16/04
Time: 15:02:01 V08.58
DD G R s e e e, o 0
Tool status box
degF
64 IuU00T (Time])]00:30r | 01:00r
Value C1 =00:00:51r
{ trailing edge of pwh 77
* /c#2 center of pwb T
T Above Ref Low = 284
* Ux#1 trailing edge of pwb 00:00:21
» t/c#2 center of pwb 00:00:00

| Typical SnPb Profile

Solder Pot Temperature = 250°C
Preheat Board T = 101°C

Peak Temperature = 144°C
Speed: 110 cm/min




Reflow Oven SnPb Solder Profile (Rework & Manufactured-Control)

Standard SnPb Profile

Preheat = ~ 120 seconds @140-
183°C

Peak temperature = 225°C

Time above reflow = 60-90 sec
Ramp Rate = 2-3 °C/sec

243
M.O.L.E® STATUS .
Max Internal T: 29C 40 Clsgc
Battery: 4.452 | }R
Points: 422 |
Active: 123456 '
Interval: 00:00:01.0
Date: 03/15/04 183 % ietieen '
Time: 16:36:32 V08.58
o e e e e e e e e et
Tool status box /,__--
320/200/210/260/320/300 «
91 3 { - - - - - - e s e i Sl S T et S e - e
Pan) SnPb 26"/min Lina#3 oven =
VA /
J degC
i [ 3 y y
T Above Ref Low = 140 Med = 183 Hi = 230 Cure Faclor Units
* tc11 embedded U2 bga 00:04:14 00:01:24 00:00:00 0% degC
* We7 embedded U42 csp 00:04:16 00:01:30 00:00:00 0% degC
» Me3 topside laminate U44 bga 00:04:12 00:01:23 00:00:00 0% degC
ek iUa4 bga 00:03:50 00:01:18 00:00:00 degC
. Yc9 embedded U37 csp 00:04:16 00:01:35 00:00:00 0% degC
Statistics Minimum Minimum X = Maximum  Maximum X Average  Std Deviation  Unils
V11 embedded U2 bga 25 00:00:00¢ 222 00:05:02r 140.7 . 554 degC
« Ue7 embedded U42 csp 25 00:00:04r 224 | 00:05:01r 140.6 | 55.3 degC
» Vel ide la 26 00:00:00r 222 00:05:04r 138.4 | 54.0 degC
{ 10:00:00r 212 00:05:09r 133.2 54 .4 degC
. Uc9embedded U37csp 25 00:00:00¢ 225 00:05:14r 1394 | 595 degC
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AIR-VAC DRS24C.2D SnPb Rework Profile for BGA Removal & Replacement

M.O.L.E® STATUS
Max Internal T: 24C
Battery: 4.599
Points: 218

Active: XXX4X6
Interval: 00:00:01.0

Date: 04/01/04
Time: 14:48:19 V08.58

280

230

Tool status box

Sn/Pb base

Airvac
Rework profile

183

140

degC

187} -

_laute | |Show Lag

i

b

bpen
- open

Value

| C1=00:00:08r

« ppen

+ e4 under U2 BG{\ e

open

] e
= {/cE topside U2

| C2=00:02:02r

183

C3 = 00:02:56r

206

| C4=00:03:35r

| Units

| degC

T Above Ref

" open

© ppen

© open

Low = 140

+ /c4 under U2 BGA

00:03:32

¢ Open

= W/c6 topside U2 o

Med = 183

00:01:38

Hi =230

00:00:00

Cure Factor

| Units

| degC

Standard SnPb Rework Profile

Preheat = ~ 120 seconds @140-
183°C

Ball Peak temperature = 206°C
Time above reflow = 96 seconds
Ramp Rate = 2-3 °C/sec
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Tin-Silver-Copper (SnAgCu) and Tin-Silver-Copper-Bismuth (SnAgCuBi)
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Reflow Oven Lead-Free Solder (SnAgCu & SnAgCuBi) Profile

Based on consortium agreed
requirements:

Preheat = 60-120 seconds @150-
190°C

Peak temperature target = 243°C
Reflow:

~20 seconds above 230°C
~30-90 seconds above 220°C

280
M.O.LE® STATUS
Max Internal T: 40C
Battery: 4.805
Paints: 443
Active: 1X3456 A\
Interval: 00:00:01.0 220 X
Date: 04/03/04 \
Time: 15:35:36 V08.58 190 :
N R O e R s L A e
Tool status box
Senju SnAgCu 50
320/220/270/300/320/310 o
BEST NO LEAD Profile
320/220/270/300/320/310 25"mi =
a3t - ) - : . e e
VA
A
- degC
Aulo |_]Show Lag A Time)  1071:007 [02:00r 103:00r [04-007 [05:00r 06007 10700
| Value C1=00:02:13r | C2=00:03:59r C3 = 00:04:38r C4 = 00:05:53r Units
¢l 1topside Ud1 158 201 230 183 degC
+ tc2 under U44 BGA
+ tc24 topside U44 S 141 182 208 221 degC
« tlcd under U2 BGA 150 190 218 220 degC
= ficS topside UST 154 197 225 198 degC
» t/eh topside U2 155 199 227 191 degC
[ T Above Ref Low = 150 Med = 190 Hi =220 | Cure Factor Units
* tel1lopside U41 00:04:23 00:02:09 00:01:12 0% degC
t/c2 under U44 BGA
 t/c24 topside U44 00:04:13 00:02:08 00:01:00 0% degC
* tc4 under U2 BGA 00:04:25 00:02:10 00:01:15 0% degC
* 1/cS topside US7 00:04:27 00:02:11 00:01:11 0% degC
* |t/ch topside U2 00:04:29 00:02:08 00:01:13 0% degC
| Statistics Minimum | Minimum X | Maximum | Maximum X | Average  Std Deviation  Units
* Meltlopside U4t ) o 23 00:00:00r 248 00:05:10r 155.4 60.2 degC
» M2 under U44 BGA
+ tc24 topside U4d4 23 00:00:00r 238 00:05:26r 148.2 63.2 degC
* g4 under U2 BGA 24 00:00:00r 243 00:05:15r 1531 63.2 degC
+ /c5 topside US7 24 00:00:00r 246 00:05:12r 1541 62.0 degC
+ Vch topside U2 23 00:00:00r 45 00:05:13r 154.4 81.0 degC
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Lead-Free Solder Wave Solder Profile

- SuperM.O.LE (1) Gold SPC V5.12¢ - JG-PP.mpe
File Tag:SM_DEM_000235 Date: 0572404

533 267 00 00 000

el Solder Pot Temperature = 265°C for SnCu
Preheat Board T = 134°C
i Peak Temperature = 157°C
Speed: 90 cm/min
i 2 :00r 0 C:.’:l?lf.’rfi‘,!:.lilrA CG:-ODD‘-:" C4 = DO:02:02r Units
s . « « Solder Pot Temperature = 260°C for SnAgCu
' Preheat Board T = 136°C
Time To Ref Low=110 Med = 120 Moz Units | Peak Temperature = 161OC
T oo | ows | Speed: 90 cm/min
Statistics Minimum X M X Average  Std Deviation  Units |
! : : L
e e s s s e == Profile provided by Vitronics-Soltec

B80.6 1.7

1
0.00 |
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AIR-VAC DRS24C.2D Lead-Free Rework Profile for BGA Replacement

I 280 +
: M.O.L.EE® STATUS |
: Max Internal T: 27C [T 1) Fty etk r e e s e -1
| Battery: 4,893 = l
| Points: 389 AirVac No Lead Rework Profile = i
| Active: X234X6 il
i_ Interval; 00:00:01.0 2978--1-- !
| Date: 07/13/04 ; 5
| Time: 15:30:12 V08,58 o |
] 187 o |, ‘
; Tool status box = | =
: i |
: 150} oo i . -
| _ =
§ | — N |
‘-
| |
: a3 “{ees ok o
| |
§ degC ! | | é
it & & 7%
_ Value C1=00:00:14r C2=00.02.52r C3=00.04:18r C4 = 00.04:50r Units
O oppen - . ’
¥ o2 lop OLU20odY. oopcon o 146 194 261 249 degC
= board surface 108 132 144 146 degC
# tcd under U2 BGA in pad 150 190 235 241 degC
1 L S i
% Yc6 topside under U2 144 187 241 242 degC |
T Above Ref Low=150 Med =217 Hi =260 Cure Factor Units
L | SR SRR I
U/c2 top of U2 body 00:05:44 00:01:41 00:00:14 0% degC
board surface 00:00:00 _booo00 00.00:00 0% . degC
t/c4 under U2 BGA in pad 00:06:14 00:01:37 00:00:00 0% degC
< open :
. = /cE topside under U2 00:05:43 00:01:36 00:00:00 0% degC ¢
Statistics Minimum  Minimum X Maximum Maximum X Average  Std Deviation  Units |
open :
Uc2topof U2body 143 00:00:00r 262 00:04:13r 1927 371 . degC |
board surface 105 00.00.00r 149 00:04:41r 1298 1.7 degC ¢
t/c4 under U2 BGA in pad 147 00:00:00r 241 00:04:461 193.3 284 degC |
.0_open 1
=t/ topside under U2 141 00:00:00r 243 00:04:41r 180.9 31.4 degC |

Device joint target = 243°C

Device top max target = 260°C
Board target =110°C (process starting point)
Board max = 150°C

Reflow:

~97 seconds above 217°C

~75 seconds above 221°C

~44 seconds above 235°C

Ball temperature 241°C

Ramp rate 1.14°C/sec
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RESIIES
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NiPdAu Surface Finish DIP Wave Soldered with SnPb, SnCu, or SnAgCu.

SN10: U35 with SnPb SN121: U35 with SnCu SN80: U35 with SnAgCu

SN41: U59 with SnPb SN138:U59 with SnCu SN110: U59 with SnAgCu
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0805 Capacitors

SN40 SnPb/SnPb, Immersion Ag PWB
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SN105 Sn/SnAgCu, Immersion Ag PWB SN34 SnPb/SnPb, SnPb HASL PWB
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Thin Quad Flat Pack (TQFP-208) U57

SAC SN177 U57 ., SACB SN205 U5S7

SN44 U57

L ey ==
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-
=
&

SN44 U57 reworked with SnPb SN177 reworked with SnAgCu  SN205 reworked with SnAgCuBi
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CLCCs with SnPb, SnAgCu, and SnAgCuBi lead finish soldered with SnPb

SN44 U17 SN156 Ul17 SN182 U17
SnPb lead surface finish SnAgCu lead surface finish SnAgCuBi lead surface finish
soldered with SnPb soldered with SnPb soldered with SnPb

SnPb HASL PWB
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Comparison of SnAgCu BGA and SnPb BGA soldered with SnAgCu.

SN110 U56 SnPb soldered with SnAgCu SN110 U55 SnAgCu soldered with SnAgCu
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SnAgCu BGA

_ SACB SN205 U56 LF SN138 U55 LF

it
L3

SN205 U56 ) SN110 U55 SN138 U55
SnPb solder SnAgCu solder SnAgCuBi solder
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SnPb BGAs

1 1

SN41 U55 SN110 U56 SN138 U56
soldered with SnPb. soldered with SnAgCu. soldered with SnAgCuBi.

SnPb HASL PWB
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Rework Assemblies: BGASs soldered with SnPb solder

:

. \
'SAQ SN177 US6 LF . SACB SN205 U56 LF

*USG
. ¢ "*

........

- _._.w_ _‘- A .

p I Bt
IR )
} J "2 5

i L s ‘5 :
ALThe ”

E.; " | AR L gAY
SN44 SnPb Rework-Control ~ SN177 SnAgCu Rework SN205 SnAgCuBi Rework
SnPb BGA: SnPb solder SnAgCu BGA: SnPb solder SnAgCu BGA: SnPb solder

SnPb HASL PWB




Rework Assemblies: Reworked BGAS

SnPb SN44 U4

SN44 U4 SN177 U4 SN205 U4
SnPb BGA reflowed SnAgCu BGA reflowed SnAgCu BGA reflowed

SnPb HASL PWB
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SnAgCu solder

SN110 U56 Pb
SN110 US55 LF 2-15 void percent
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V=288 % v=198% V=018% v=1.03% I
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W=7.99%
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W=016 % W=0.25 % V=023 % =000 % W=l

V=185% V=702 %
VW=364%
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SnAgCuBi solder

SN127 U4 SnAgCu SN127 _U44 SnPb
0.4-12 void percent 1-20 void percent
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SnAgCu BGAs replaced on SnAgCu and SnAgCuBi Rework Assemblies

SN205 U4 reworked SN177 U4 reworked
0-3.69 void percent
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BGA and Solder Comparison

Ve1.0 % e
VR ve1.38% V-010% : I ‘ ‘
794 % l”‘«-c..sax . V232 % l V'IJ-E'?% f‘

[ Wel16 %5 W25 % V=023 % Wel00 %5 Well . . . l o
I Wel13 %
Well 36 % W= 80 % a2 A7 3% Wed 77 %
Wl 85 % Vel %
edd %

SnPb with SnPb SN110 U55 SAC with SAC SN127 U4 SAC with SACB
0.36-12.29 void percent
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9000
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Surface Insulation Resistance and Electrochemical Migration Resistance



Surface Insulation Resistance and Electrochemical Migration
Resistance Test Vehicles

SIR

e 46 IPC-B-24 boards (SIR)
. IPC-TM-650 Method 2.6.3.3

EMR

6 boards with SnAgCu reflow solder alloy and flux

6 boards with SnAgCuBi reflow solder alloy and flux
6 boards with SnPb reflow solder alloy and flux

6 boards with SnCu wave solder alloy and flux

6 boards with SnAgCu wave solder alloy and flux

6 boards with SnPb wave solder alloy and flux

5 boards with bare copper finish, no solder paste, only processed through
cleaning procedures

5 Boards with bare copper finish, no solder paste, passed through reflow
and wave solder machines then cleaned

46 IPC-B-25A boards “D-comb pattern”
 IPC-TM-650 Method 2.6.14.1
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Lessons Learned



Lessons Learned

e« Components are critical!

XRF was used to verify the surface finish of components.
Lead-free components have different moisture sensitivity ratings.

Logistics: Tight control of parts was required, i.e. ShnAgCu Manufactured boards
required a combination of tin-lead and lead-free surface finish BGAs, TSOPs,
and CLCCs (only SnAgCu lead finish).

Because components are not marked for lead-free solder, some components
were marked to differentiate between surface finish.

« Component Issues:

Incorrect surface finish (mix lot) DIPs from vendor
PLCCs were returned (not daisy chained)
Missing wire bonds

Lead time for hybrids (damaged during shipping, reformed, tinned, didn’t match
our designed board)

Incorrect quantity of capacitors
Wrong size CSPs




Lessons Learned Continued

* No solder paste printing process change was required for the lead-free solder
assembly.

 No component placement process change was required for the lead-free solder
assembly.

 Reflow as expected is the major process difference.

— Lead-free solders full liquidus temperature is approximately 38 degrees higher
than SnPb; but the components and board have not changed.
— Thermal profiling was a challenge due to the decreased process window.
* High temperature insulation thermocouples will be necessary for future work.

— The conveyor speed had to be slowed down and zone temperatures increased
by 20-60°C depending on oven zone.

— Can't rely on visual examination to tell you whether the reflow has been
accomplished, you have to rely on temperature and time.

» Lead-free solder joints have a grainy appearance, some are not as shiny, the foot of the
lead on surface mount components are more visible, and they don’t wet out like SnPb.




Lessons Learned Continued

 Lead-free wave soldering was also challenging.
— Solder balls were visible every where.
— Flux material is very critical

» flux nozzle and fluxing parameters were changed to improve the flux function

« Lead-free solder rework profiling was also challenging because of the higher
temperatures required.

A new lead-free program (template) was required.
Assemblies were baked before rework to reduce thermal shock.

Extra caution was required during thermal profiling because of the maximum
temperature the components can withstand (260°C).

Continuity test, X-ray, and ERSA were performed on each BGA after rework.
* It may take years before confidence level is developed

Site cleaning was not as easy due to the higher temperatures.




Lessons Learned Continued

Hand soldering is similar to SnPb after practice (learning curve)
— higher temperature (700°C) tips are required
— flux is required especially if the wire doesn’t contain any

— some pads were lifted due to the higher tip temperature and because the lead-
free solders do not flow as well as SnPb.

Smaller (0.37”X 0.37”) polyimide labels did not withstand LF wave soldering.

Cleaning:

— Due to higher temperatures used, assemblies that were reworked required
additional cleaning to remove flux under BGAs prior to endoscopic inspection.

Quiality Inspection:
— The solder joint appearance varied from baseline SnPb due to the different
wetting characteristics.
— Additional training is required and our acceptability documents must be revised.

— Visual aids would be helpful (acceptability pictures).
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Final Comments
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Vibration MIL-STD-810F, METHOD 514.5, PROCEDURE | Boeing-Seattle
Thermal Shock MIL-STD-810F, METHOD 503.3, PROCEDURE | Boeing-Seattle
-T5h5€or<;n?ol fi/;ggg IPC-SM-785 Rockwell Collins
nggg%i}é&? IPC-SM-785 Boeing-Seattle
Mech_anical Shock ACl/ BAE
Pathfinder MIL-STD-810F, METHOD 516.5, PROCEDURE |

!\I'/Iees?thggtlcial Shock MIL-STD-810F, METHOD 516.5, PROCEDURE | ACI/ BAE
Mechanical Shock ACI/ BAE
Test Set |l MIL-STD-810F, METHOD 516.5, PROCEDURE |

Combined Raytheon
Environments Test MIL-STD-810F, METHOD 520.2, PROCEDURE |

Salt Fog MIL-STD-810F, METHOD 509.4 ACI
Humidity MIL-STD-810F, METHOD 507.4 ACI

SIR IPC-TM-650, METHOD 2.6.3.3 Boeing-Anaheim
EMR IPC-TM-650, METHOD 2.6.14.1 Boeing-Anaheim
Characterization Rockwell Collins
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Contact Information:

ana.l.campuzano-contreras@boeing.com
or
ana.campuzano-contreras@baesystems.com

3131 Story Road
Irving, TX 75038

(972)659-2546
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Back Up Information
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DEK 288 Solder Paste Screen Printer
Bt 4




FUJI CP IV used for placement of
capacitors and resistors.

FUJI IP3 used for fine pitch, BGAs, and

other parts.

|



Solder Reflow: ABW Systems TSC-1210
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Cleaning: Corpane Semi Aqueous Cleaner




Evaluation- X-Ray: Nicolet Imaging Systems 1410Hb
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Hand Soldering
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Rework (Removal and Replacement)
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Wave Soldering: Delta-Max Machine
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Wave Soldering @ Vitronics-Soltec: Delta-Wave Machine
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BGA removal and replacement: AIR-VAC DRS24C




